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(54) NONAQUEOUS SECONDARY BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
nonaqueous secondary battery having an excellent 
safety function in overcharge and excellent in 
adhesion to a collector and an active material 
without causing the degradation of volume energy 
density and the increase of cost 

SOLUTION: This battery is composed by using the 
collector having a positive temperature coefficient 
resistor function that increases its resistance 
value when exceeding a predetermined temperature 
and by covering the collector with a conductive 
layer comprising a crystalline thermoplastic resin, 
a conductive agent and a binder. 
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CLAIMS 



[Claim(s)] 

[Claim l]It is a nonaqueous secondary battery by which basic constitution is 
carried out from an anode, a negative electrode, and nonaqueous electrolyte, A 
nonaqueous secondary battery which it comes to cover with a conductive layer in 
which a charge collector of said anode and/or a negative electrode contains 
crystalline thermoplastics and a conducting agent which have a function of a 
right temperature coefficient resistor which resistance increases with a rise in 
heat, and a binder, and is characterized by thickness of said conductive layer 
being 0. 1 micrometer - 5. 0 micrometers. 

[Claim 2]Crystalline thermoplastics is olefin system resin which has the melting 
point in 100 ** - 120 **. 

The nonaqueous secondary battery according to claim 1 which will become more 
than 100-ohmcm if volume resistivity of a charge collector covered with said 
conductive layer exceeds prescribed temperature. 

[Claim 3]The nonaqueous secondary battery according to claim 1 whose binder is 
polyvinylidene fluoride resin. 





[Detailed Description of the Invention] 
[0001] 

[Field of the Invent ion] This invention relates to a nonaqueous secondary battery, 
and relates to the nonaqueous secondary battery provided with the charge 
collector which has a safety feature at the time of overcharge, and a bending 
function with an active material layer in detail. 
[0002] 

[Description of the Prior Art]As for information terminals, such as a cellular 
phone and a notebook computer, the tendency of small size, a light weight, and 
slimming down has become strong every year. 

Also in the cell which is the power supply, the request of small size, a light 
weight, and slimming down has become strong. 

In such the trend of the world, especially, since a big energy density is 
obtained as compared with aqueous solution system rechargeable batteries, such 
as the conventional lead storage battery, a nickel-cadmium battery, and a nickel 
hydoride battery, the rechargeable lithium-ion battery attracts attention. 
[0003]However, after a rechargeable lithium-ion battery cuts an active material 
layer to application, desiccation, rolling, and a prescribed dimension on a 
charge collector, in the assembly process wound or laminated spirally, the fall 
of the collecting performance accompanying the exfoliation and omission from a 
charge collector of an active material has been SUBJECT. As opposed to this 
SUBJECT, it is indicated by JP, S63-121265, A that forming the conductive coating 
film which consists of a conductive filler and a binder on a charge collector 
carries out surface roughening of the collector surface to JP, H4-14756, A and 
JP, Hll-329448, A. 

[0004] The lithium polymer secondary battery which used polymer for the separator 
material holding an electrolyte as the method of slimming down on the other hand, 
It is indicated by JP, H8-507407, A and characterized by making polymer, an anode, 
and a negative electrode unify by thermal melting arrival, using the copolymer P 
(VDF-HFP) of vinylidene fluoride (VDF) and hexaf luoropropylene (HFP) as polymer. 
[0005]However, since this lithium polymer secondary battery contains a lot of 
polymer which does not contribute to cell capacity in the anode and the negative 
electrode, as compared with a rechargeable lithium-ion battery, its cell 
capacity is low. For this reason, in order to raise the capacity of a lithium 
polymer secondary battery, it is necessary to reduce the amount of polymer in a 
polar plate in the unifiable range but, and if the amount of polymer is reduced, 
the binding property of an active material layer and a charge collector will 
fall, and SUBJECT that contact resistance increases will arise. As opposed to 
this SUBJECT, the insulating ghost of a collector surface is removed in a USP No. 
5554459 gazette, The method of using the metal charge collector bound with the 
adhesive conductive polymer presentation, and the method of covering what added 
the conductive substance to P (VDF~HFP) which is polymer, after removing the 
insulating ghost of a collector surface are indicated. 

[0006]By thus, the thing for which reservation of the safety of a cell will 
serve as big SUBJECT in connection with this, and safety parts, such as a right 
temperature coefficient resistor (henceforth a PTC element), will be attached to 
a cell, for example if the performance of a cell improves and high-energy- 
density-ization progresses. The safety of a cell is ensured, when resistance of 
a PTC element goes up rapidly and cuts a circuit substantially according to an 
abnormal heat generation or an over-current. 



[0007] 

[Problem(s) to be Solved by the Invent ion] However, the attachment to such a cell 
of a safety part causes the poor response by delay of heat, or it not only 
causes the fall of the energy density as a battery pack by the weight of a 
safety part, and a space, but causes increase of material cost. 

[0008]So, giving the characteristic of a right temperature coefficient resistor 
(following, PTC) to an anode, a negative electrode, or nonaqueous electrolyte is 
indicated by JP, Hll~329503, A. However, in order to give these a PTC 
characteristic, it is necessary to add a lot of additives which are not 
contributed to cell capacity, an energy density falls, and it is not desirable. 
[0009] On the other hand, although how to join a electron conductive material 
which has a PTC characteristic to a charge collector is also indicated to 
JP, H10-241665, A, since the thickness of a electron conductive material is as 
thick as 50 micrometers, the energy density as the whole cell falls and it is 
not desirable, 

[0010]Then, this invention sets it as the main purpose to provide the highly 
efficient nonaqueous secondary battery excellent in the safety feature of such a 
nonaqueous secondary battery, and the binding property of a charge collector and 
an active material layer, without being accompanied by a fall and cost increase 
Kuwae of an energy density. 
[0011] 

[Means for Solving the Problem] What provides a nonaqueous secondary battery 
which added this invention for solving above-mentioned SUBJECT to crystalline 
thermoplastics characterized by comprising the following, and it came to cover 
it with a conductive layer containing a conducting agent and a binder, and set 
thickness of this conductive layer as 0. 1 micrometer - 5. 0 micrometers. 
Anode. 

Negative electrode. 

A function as a right temperature coefficient resistor (PTC element) in which 
resistance increases in connection with a rise in heat in a nonaqueous secondary 
battery which consists of nonaqueous electrolyte in a charge collector of said 
anode and/or a negative electrode. 

Resistance of a charge collector covered with a conductive layer which consists 
of crystalline thermoplastics, a conducting agent, and a binder still more 
preferably is a nonaqueous secondary battery which has a right temperature 
coefficient resistor which goes up more than 100-ohmcm. 

[0012] If temperature in a cell exceeds the melting point of crystalline 
thermoplastics, crystalline thermoplastics carries out cubical expansion, and in 
order to tear off contact of the conducting agents currently distributed in a 
conductive layer, conductivity will fall. As a result, when inside temperature 
of a cell reaches the melting point of crystalline thermoplastics by generation 
of heat when a cell was overcharged, resistance of a conductive coating film 
goes abruptly up, and current between a charge collector and an active material 
layer is intercepted. 

[0013]Since it has a conducting agent and a binder, it also has exfoliation from 
a charge collector of an active material layer, and an omission preventing 
function, and, in the case of a lithium-polymer battery using polymer which 
carries out absorption maintenance of the electrolysis solution especially at an 
anode and a negative electrode, is effective. 

[0014]By as mentioned above, a thing for which a charge collector of an anode 



and/or a negative electrode has a right temperature coefficient resistor 
function according to the nonaqueous secondary battery concerning this invention. 
Resistance of a charge collector part increases at the time of generation of 
heat of a cell, and while a burst and ignition of a cell are avoidable by 
intercepting current, it excels also in a bending function with an active 
material layer. 
[0015] 

[Embodiment of the Invention]Hereaf ter, an embodiment of the invention is 
described using figures. 

[0016]Below, although a lithium-polymer battery is taken up as an example of the 
embodiment of the nonaqueous secondary battery of this invention, it is 
applicable also to nonaqueous secondary batteries other than a lithium-polymer 
battery. 

[0017] Drawing 1 , drawing 2 , and drawing 3 are a sectional view of the anode used 
for the nonaqueous secondary battery of this invention, a sectional view of a 
negative electrode, and a composition sectional view, respectively. The anode 1 
comprises the positive pole collector 5 laid under the positive active material 
layer 4 and the positive active material layer. The negative electrode 2 also 
comprises the negative pole collector 8 similarly laid under the negative 
electrode active material layer 7 and the negative electrode active material 
layer. It is allocated between an anode board and a negative electrode plate, 
and unites with an anode and a negative electrode by a hot welding method, and 
the polymer electrolyte 3 becomes a composition sectional view as shown in 
drawing 3 . 

[0018]The positive pole collector 5 consists of the foil, punching metal, and 
expanded metal made from aluminum, In the surface, right temperature coefficient 
resistor functions which are the carbon system conducting agent and binders 
which are represented by acetylene black, such as carbon black or graphite, such 
as polyvinylidene fluoride (PVDF) and polyethylene resin, and polypropylene 
resin. The conductive layer 6 which consists of crystalline thermoplastic 
polyolefin resin which it has is applied. 

[0019]The negative pole collector 8 consists of the foil, punching metal, and 
expanded metal made from copper or nickel, The polyvinylidene fluoride (PVDF) 
which are the carbon system conducting agent and binders which are represented 
by acetylene black in the surface, such as carbon black or graphite, And the 
conductive layer 9 which consists of crystalline thermoplastic polyolefin resin 
which has right temperature coefficient resistor functions, such as polyethylene 
resin and polypropylene resin, is applied. 

[0020]After applying on a charge collector what distributed acetylene black and 
polyethylene in the N-methyl-2-pyrrol idone (NMP) solution of PVDF, for example 
as a method of forming said conductive layer on a charge collector, dry removal 
of the NMP of a solvent is carried out. 

[0021] In the above-mentioned conductive layer, crystalline thermoplastics and a 
conducting agent are distributing uniformly, a binder forms the skeleton of a 
coat, and the conducting agent forms the electric conduction course in mesh 
shape. However, it is what has the character to expand rapidly if the above- 
mentioned crystalline thermoplastics exceeds the melting point, Since the 
crystalline thermoplastics uniformly distributed in the conductive coating film 
will carry out cubical expansion rapidly, the electric interengagement of 
comrades will be pulled apart the conductive carbon powder end in a conductive 



coating film and an electric conduction course will be divided if the 
temperature of a conductive layer exceeds the melting point of crystalline 
thermoplastics, the character in which resistance goes up rapidly is revealed. 
By generation of heat by the surcharge of a cell, if battery temperature exceeds 
the melting point of crystalline thermoplastics, resistance between an active 
material layer and a charge collector will go abruptly up, and current comes to 
be intercepted by this character. 

[0022]After said positive active material layer and a negative electrode active 
material layer carry out coating of the paste for which an active material, a 
conducting agent, polymer, and a plasticizer are mixed, for example in organic 
solvents, such as acetone, to the charge collector in which said conductive 
layer was formed, directly, they carry out dry removal and produce a solvent. 
After said polymer electrolyte carries out coating of the paste which mixes 
polymer and a plasticizer in organic solvents, such as acetone, for example on 
the film made from polyester, it carries out dry removal and produces a solvent. 
[0023]Here, as an active material used for a positive electrode mixture layer, 
lithium contained metal oxides and metallic sulfide, such as LiM0 2 (M=Co, nickel, 
Mn), are mentioned. As polymer, the copolymer P of PVDF or polyvinyl idene 
fluoride, and hexaf luoropropylene (VDF-HFP) is used preferably. As a conducting 
agent, carbon system conducting agents, such as acetylene black, graphite, and 
carbon fiber, are mentioned, 

[0024]0n the other hand, as an active material used for a negative electrode 
mixture layer, carbon materials, such as graphite which can occlusion emit 
lithium, carbon black, and activated carbon, a lithium metal, a lithium alloy, 
etc. are mentioned. As polymer, PVDF or P ' (VDF-HFP) is used preferably. As a 
conducting agent, carbon system conducting agents, such as acetylene black, 
graphite, and carbon fiber, are mentioned, 

[0025]Nonaqueous electrolyte is poured in and a cell is produced, after 
immersing into xylene the composition cell which carried out laminate 
integration of the anode, negative electrode, and separator which were mentioned 
above, carrying out extraction removal of the DBP of a plasticizer and drying 
xylene. 

[0026]Here, the nonaqueous electrolyte used for the nonaqueous secondary battery 
of this invention dissolves an electrolyte into a nonaqueous solvent. As an 
electrolyte, lithium salt, such as LiC10 4 , LiBF 4 , and LiPF 6 , is used, for example. 
On the other hand, as a nonaqueous solvent, what it was independent and was 
mixed in some numbers is used, for example in nonaqueous solvents, such as 
propylene carbonate, ethylene carbonate, ethyl methyl carbonate, diethyl 
carbonate, dimethyl carbonate, and vinylene carbonate. 

[0027] The nonaqueous secondary battery of this invention is constituted 
combining suitably an above-mentioned anode, a negative electrode, a separator, 
and nonaqueous electrolyte, and the shape of the cell itself can be applied to 
arbitrary shape, such as a sheet shaped, cylindrical, a square shape, a coin 
type, and a button type. 
[0028] 

[Example] This invention is explained in more detail using working example and a 
comparative example. 

[0029] (Working example 1) Add 30 g of carbon system conducting agents of the 
crystalline polyethylene resin 35g and acetylene black whose melting point is 
110 ** to 270 g of N-methyl-2-pyrrolidone (NMP) solutions (13% of the amount of 



solid content) of polyvinylidene fluoride (PVDF) , and it kneads with a planetary 
mixer, Furthermore, 440g of NMP(s) are added, and are diluted, and conductive 
paste is adjusted. Volume resistivity was 0. 15-ohmcm, when this paste was 
applied on the glass plate, it dried and the conductive layer was formed. 
[0030] (Working example 2) The conductive paste adjusted in working example 1 was 
uniformly applied and dried by the die coater or the photogravure coating 
machine to both sides of the expanded metals of the product made from aluminum, 
and copper, and the charge collector which carried out covering formation of the 
0. 5-micrometer-thick conductive layer was produced. The solution which, on the 
other hand, dissolved the copolymer P(VDF-HFP) 710g of vinylidene fluoride and 
hexaf luoropropylene in the acetone 11300g, Mix the cobalt acid lithium lOOOOg, 
530 g of acetylene black, and 1100 g of dibutyl phtalate (DBP) , and the paste 
for anodes is adjusted, After applying and drying this by a die coater to both 
sides of the aluminum collector which carried out covering formation of said 
conductive layer, it rolls by a roll press and an anode board is produced. The 
solution which dissolved P(VDF-HFP) 350g in the acetone 3210g similarly, The 
nodular graphite 2450g, 200 g of carbon fiber, and DBP540g are mixed, and the 
paste for negative electrodes is adjusted, after applying and drying this by a 
die coater to both sides of the copper charge collector which carried out 
covering formation of said conductive layer, it rolls by a roll press, and a 
negative electrode plate is produced. P(VDF~HFP) 280g is dissolved in the 
acetone 1440g, the mixed solution which added DBP280g is adjusted, coating of 
this is carried out by a die coater on polyester film, and- a polymer electrolyte 
sheet is produced. These anodes, a negative electrode, and an electrolyte sheet 
are laminated as shown in drawing 3 , and it lets it pass to a heating roller, 
and unites with it, and a composition cell is produced, 

[003l]The above-mentioned unified composition cell was immersed into xylene, 
extraction removal of the DBP was carried out, after vacuum drying, it was 
impregnated, the electrolysis solution was inserted and obturated into the 
laminate film bag made from aluminum, and the cell of this invention of nominal 
capacity 500mAh was obtained. Here, the electrolysis solution used what 
dissolved LiPF 6 in the mixed solution of ethylene carbonate and ethyl methyl 
carbonate. 

[0032] (Working example 3) The cell of working example 3 which has a charge 
collector of a 5. 0-micrometer-thick conductive coat was produced like working 
example 2. 

[0033] (Comparative example l) In 540 g of N~methyl-2-pyrrol idone (NMP) solutions 
(13% of the amount of solid content) of polyvinylidene fluoride (PVDF), 
acetylene black, 30 g of carbon system conducting agents, such as graphite, are 
added, and it kneads with a planetary mixer, and further, 220g of NMP(s) are 
added, and are diluted, and conductive paste is adjusted. Volume resistivity was 
0. 13-ohmcm, when this paste was. applied and dried on the glass plate with the 
doctor blade and the conductive layer was formed. 

[0034] (Comparative example 2) The cell of the comparative example 2 which has a 
charge collector of a 0. 5-micrometer-thick conductive coat was produced like 
working example 2 except having used the conductive paste adjusted by the 
comparative example 1. 

[0035] (Comparative example 3) The safety part which has a right temperature 
coefficient resistor function was connected to the cell of the comparative 
example 2 in series, this was fixed to the exterior of the laminated bag made 



from aluminum on the tape, and it was considered as the cell of the comparative 
example 3. 

[0036] (Comparative example 4) The cell of the comparative example 4 which has a 
charge collector of a 25-microrneter-thick conductive coat was produced like 
working example 2. 

[0037] (Evaluation of a right temperature coefficient resistor function) The 
result of having measured the temperature dependence of the volume resistivity 
of the conductive layer coat produced by working example 1 and the comparative 
example 1 using four probes is shown in drawing 4 . While the conductive layer of 
the comparative example 1 shows the tendency for volume resistivity to fall 
slightly, in connection with a rise in heat so that more clearly than drawing 4 , 
it turns out that the conductive layer of this invention shows a rapid 
resistance rise, and goes up above 100 ** more than 100-ohmcm. 

[0038] (Binding property of a charge collector and an active material layer) The 
active material weight per unit area of the anode board of working example 2, 
working example 3, the comparative example 2, the comparative example 3, and the 
comparative example 4 is measured immediately after application desiccation, A 
roll press, cutting, punching, etc. were processed, just before assembling on a 
cell, it measured further, and it asked for the active material omission rate by 
the following formula. 

Active material omission rate (%) = (front [ an after / application desiccation 
/ active material mass-assembly ] active material mass) / active material mass 
xlOO after application desiccation [0039] Although omission of the active 
material of the anode board in working example 2, working example 3, and the 
comparative example 4 hardly took place, when it was the comparative example 2 
and the comparative example 3, omission in the end face were accepted at the 
time of cutting and punching. 

[0040] (Energy-density evaluation of a cell) It asked for the volume energy 
density (Wh/1) of the cell of working example 2, working example 3, the 
comparative example 2, the comparative example 3, and the comparative example 4. 
A relative comparison when volume energy density of working example 2 is set to 
100 is shown in Table 1. 

[0041] (Safety evaluation of a cell) It prepares ten cells of working example 2, 
working example 3, the comparative example 2, the comparative example 3, and the 
comparative example 4 at a time, respectively, and a overcharge examination is 
done by 750 mA (1. 5CmA) constant current, and the number of the cells which 
fumed and ignited is shown in Table 1. 
[0042] 
[Table 1] 
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[0043]As compared with the cell of the comparative example 2 without a right 
temperature coefficient resistor function, the emitting smoke and ignition at 
the time of overcharge did not break out the cell of working example 2 and 



working example 3 which has a conductive layer with the right temperature 
coefficient resistor function of the thickness optimal on a charge collector 
from Table 1. When battery temperature rises rapidly by the Joule heat generated 
in the internal resistance of the cell by overcharge current, and generation of 
heat of the active material itself and resistance of a conductive layer goes 
abruptly up as the result of drawing 4 shows, this, The current which flows 
between an active material and a charge collector is intercepted, and it is 
thought that it is because charge stopped. On the other hand, even if battery 
temperature rises [ cell / of the comparative example 2 ] by a surcharge, in 
order that current may continue flowing, it is thought [ which generation of 
heat of the cell was not settled, but the electrolyte sheet fused it by 
generation of heat, and the anode and the negative electrode short-circuited ] 
that it result, fumed and ignited. 

[0044]And although the cell of the comparative example 4 has the conductive 
layer which had a right temperature coefficient resistor function on the charge 
collector, even if it thickens thickness, since an energy density will fall if 
the thickness of a conductive layer is thick, it is not preferred [ the response 
to a burst or ignition of a cell / it does not change, and also ]. 
[0045]The result of working example 2 is excelling in safety like the 
comparative example 3 being shown, and giving a right temperature coefficient 
resistor function on a charge collector, and it turned out that the effect same 
with having connected the safety part which has a right temperature coefficient 
resistor function in the exterior of a cell is brought about. 
[0046] 

[Effect of the Invention] In the nonaqueous secondary battery with which this 
invention consists of an anode, a negative electrode, and nonaqueous electrolyte 
as explained above, Because resistance will cover with the conductive layer (0. 1 
micrometer -5.0 micrometers) which consists of the crystalline thermoplastics 
and the conducting agent which have a right temperature coefficient resistor 
function which becomes large, and a binder if the charge collector of said anode 
and/or a negative electrode exceeds prescribed temperature. A burst and ignition 
of a cell are avoidable by resistance of a charge collector part increasing and 
intercepting current by generation of heat at the time of overcharge of a cell. 
Thereby, the highly efficient nonaqueous secondary battery excellent not only in 
safety but the binding property can be provided, without being accompanied by a 
fall and cost increase Kuwae of an energy density. 



